Abstract: At present, cloud providers can offer cloud consumers three provisioning plans for computing resources, namely on-demand instance, reserved instance and spot instance. On-demand instance is stable, but very expensive; reserved instance is also guaranteed, and advance reservations are required, however customers' future demands are often uncertain; price of spot instance could be the cheapest, but customers have to face the risks of instance interruption. Therefore, how to minimise customers' total cost with taking into account the purchase costs and risks is one of the problems needing urgently to be solved. Taking Amazon EC2 as an example, this article makes a study of multi-instance purchase decision-making for minimising customers' cost under fluctuating cloud demands with taking risk losses into consideration, then describes the conditions and the reasons for optimal decision with a case in detail.
Introduction
As an emerging network service model, cloud computing converts task processing method from desktop-based mode to network-based mode (Panigrahi and Ghose, 2013) . It utilises distributed computers, which are non-local or remote servers, to provide IT infrastructure services for network users, including computing capability, storage, software and hardware services, and automatically provides IT infrastructures as needed (Choubey et al., 2011) . It has been applied in many fields, such as education (Naik et al., 2013) , e-governance (Do and Hussain, 2013) , etc. In the meantime, cloud computing utilises virtualisation technology to provide several virtual machines, which have different computing capability and are isolated from each other, for different users. These virtual machines can be easily provided and reclaimed, which will dramatically increase resource utilisation and reduce maintenance cost (Tang, 2010) .
In computing, instances represent the virtual machines (VM). In 2006, Amazon pioneered cloud computing service -elastic compute cloud (EC2), and has proposed multi-instances service model:
1 On-demand instance (OI), lets users pay for compute capacity by the hour with no long-term commitments, service is guaranteed but price is high.
2 Reserved instance (RI, one or three-year terms), gives users the option to make a low, upfront payment for each instance you want to reserve and in turn receive a significant discount on the hourly fee for that instance, service is guaranteed and the hourly usage fee is low. There are three RI types (light, medium and heavy utilisation RIs) that enable users to balance the amount they pay upfront with their effective hourly price. The upfront payment and hourly fee of each type RIs is different.
3 Spot instance (SI) was introduced in 2009 (Marston and Li, 2011) , SIs enable users to bid for unused Amazon EC2 capacity.
Instances are charged the spot price, which is set by Amazon EC2 and fluctuates periodically depending on the supply and demand of SI capacity. If your maximum price bid exceeds the current spot price, your request is fulfilled and your instances will run until either you choose to terminate them or the spot price increases above your maximum price (whichever is sooner). Because the original intention of the users is the pursuit of economy, so users tend to use RI and SI. In addition, a user's future demand is not stable but changing with the business fluctuations. According to statistics, the reservation plan offered by Amazon EC2 can reduce the total purchase cost up to 49% when the reserved resource is fully utilised, but if the utilisation rate is low, the hourly usage fee will increase significantly. The spot plan can reduce the total cost (TC) up to 52.3%, but if the current instance price goes above the bid price, the user's SIs are terminated without warning, which resulting in a temporary shortage of resources, bring the potential risk losses and needed to be compensated with OIs. So how to help users make a purchase decision-making to minimise the TC according to users' future demand fluctuation and risk sensitivity has a significant practical meaning.
Since Amazon proposed multi-instance service model, scholars have paid much attention to it. Andrzejak and Berlin (2010) made a study about how to determine bid price for SI that minimise monetary cost while meeting service level agreement (SLA) constraints, proposed a system to handle resource demands while minimising cost through spot market resources, and evaluated the approach based on the real data of workload and spot market. Mattess and Vecchiola (2010) suggested a dynamic check pointing strategy to minimise the cost and volatility of resource provisioning based on the previous price history of the SIs (Yi et al., 2010) . However, these scholars paid little attention to multi-instance purchase decision-making. Chaisiri et al. (2010 Chaisiri et al. ( , 2012 proposed a robust cloud resource provisioning (RCRP) algorithm and optimal cloud resource provisioning (OCRP) algorithm to minimise the total resource provisioning cost about RIs and OIs. Numerical studies were extensively performed in which the results showed that provisioning costs were significantly reduced. Then they proposed two virtual server provisioning algorithms to minimise the provisioning cost for long-term and short-term planning (Chaisiri et al., 2011) . However, demands fluctuation and risk losses are not taken into account.
To solve the above problems, this article take Amazon's three kinds of instances for example, take risk losses into consideration, build a purchase decision-making model under demands fluctuations, get the optimal solution with MATLAB 7.0 and analyse the results in detail.
System model and assumption

Problem description
RIs must be reserved in advance, so customers need to determine its quantity at first. Since the price of OI is much higher than the SI, to save money, users often prefer SI. When the proportion of SIs is determined, the rest will be provided by on demand instances. Besides, when users bid for SIs, they may lose the auction and SIs may be terminated, resulting in the shortage of resources, which also needs to be made up by OIs.
Firstly, the needs of users could be divided into two parts based on the general work schedule per day: 1 basic needs of off hours (T 0 ) 2 business needs of working hours (T 1 ).
We assume that the basic demand is stable and will be met with RIs, business needs is fluctuant and will be met by multi-instances.
Secondly, because SIs may be unavailable or terminated, resulting in a temporary shortage of resources and bringing business delay and potential risk losses which depending on the risk probability and the sensitivity of business interruption (failure sensitivity factor).
Thirdly, assuming those users' instances demands could be met by cloud service providers at all time. Furthermore, this paper considers users' overall instances demands at a certain time instead of the demand of a specific job.
Parameters definition
Variables and parameters in purchase decision-making model are defined in Table 1 . 
Multi-instance purchase model
The TC of cloud services can be classified into explicit costs (EC) and implicit cost (IC). EC consist of purchase costs and usage fees of cloud service. IC, also known as opportunity cost, is the risk losses of SI because of failure bid and instances termination. EC are calculated as follows:
• The amount of RIs that users have subscribed in advance is Q, and Q numbers of them are executed. So the cost of RIs (RC) can be calculated as follows:
• 
• Because of the risks of SI, the number of SIs which could be actually executed are (F(T) -q) * β * θ , so the number of on demand instances is 
So EC can be obtained as follows:
At present, there are two kinds of algorithms about risk losses: fixed losses method and proportion method. Fixed losses method means that users' risk losses are always a certain amount of money, and it has nothing to do with the value of the interruptive instances. Proportion method refers that users' risk losses change with the value of the interruptive instances based on a fixed proportion (Shen et al., 2009) , and the fixed proportion is the failure sensitivity factor. In this article, proportion method is more rational, so ICs can be calculated s follows:
So the TC can be obtained as follows: 
Numerical example
Let f(t) = a * cos(2π/365) * t + a, where a > 0, as is shown in Figure 1 . We suppose that the business cycle is one year, and the random business needs change by day, T = 365, t ∈ [0, 365]. 
The number of RIs which are subscribed in advance is Q, so 0 < Q < 2a, the actual usage of RIs Q can be calculated as follows: 
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Take ec2/eu-west-1.Windows with SQL Standard. m3.medium for example, the price of OIs (P 3 ) is 0.356. We also keep a record of price fluctuations of SIs in 15,220 time points, the frequency of prices set by Amazon is shown in Figure 2 , and the successful execution rate of SIs under different bid prices is shown in Figure 3 . As shown above, when P 2 = 0.157, θ ≈ 0.9, and θ rarely increases when we raise the bid price. So let P 2 = 0.157, θ = 0.9, and a = 50, λ = 0.6, T 0 = 10, T 1 = 14. Consider three types of RIs in turn.
Medium utilisation RIs
As shown in aws.amazon.com, P 0 = 564, P 1 = 0. 1 When Q is fixed, a larger β makes a smaller EC. The reason is that the bid price of SIs (p 2 ) is far below the price of OIs (p 3 ), and the aggregate demand is fixed, so the increment of SIs can decreases EC significantly.
2 When β is fixed, EC first increases and then decreases with the increasing of Q.
The reason is that RIs is similar to self-built data centre, if there are fewer RIs, the utilisation rate of them will be higher, and the average cost per hour will be lower. In contrast, when there are too much RIs, the utilisation rate of them will decrease, because of the significant subscription costs, the average cost per hour will increase, so EC will become higher finally. As is shown above, when Q is fixed, the lager β, the larger IC is; when β is fixed, the lager Q, the smaller IC is. When β = 0 or Q = 100, IC = 0.
The reason is that IC depends on Q and β, when θ and λ are fixed. The numbers of SIs reduce accordingly when β decreases and Q increases. When β = 0 or Q = 100, the number of SIs decreases to 0, IC = 0.
As is shown above, the variation trend of TC is the same as EC. The reason is that IC is much smaller than EC. TC is still the monotonic decreasing function of β, the lager β, the smaller TC is. When β is fixed, EC first increases and then decreases with the increasing of Q. Though IC always decreases constantly, IC is too small, TC still first increases and then decreases. To verify the effectiveness of the above multi-instance purchase decision-making model, we also calculate the TC when only one kind of instances were purchased, as is shown in Table 2 .
Thus it can be seen that the multi-instance purchase decision-making model saves cost significantly.
Light utilisation RIs
As shown in aws.amazon.com, P 0 = 393, P 1 = 0. . Costs of different purchase decision-making models are shown in Table 3 .
It also can be seen that the multi-instance purchase decision-making model saves cost significantly.
Heavy utilisation RIs
As shown in aws.amazon.com, P 0 = 668, P 1 = 0.114. Table 4 .
It also can be seen that the multi-instance purchase decision-making model makes the lowest cost.
In conclusion as above, the multi-instance decision-making model saves cost significantly, and the TC is lowest when the light utilisation RIs are selected.
So the optimal decision is, Q = 20, β = 1, (min)TC = 7.237 * 10 4 .
Conclusions
From users' perspective, this paper takes demand fluctuations and risk losses into consideration, proposes a new multi-instance purchase decision-making model, and analyses the reasons and conditions of the optimal solution, having a certain reference significance to cloud service users.
